Multi-agent immunosuppressive therapy has produced improved survival for severe acquired aplastic anemia in children. Recently, some investigators have suggested that immunosuppressive therapy may replace bone marrow transplantation as first-line therapy for this disorder. To assess its validity, we compared the outcomes of bone marrow transplantation vs immunosuppressive therapy in one institution from 1987 to 1997. We studied 46 consecutive patients less than 18 years of age who presented between January 1987 and April 1997. Inherited marrow failure syndromes and myelodysplastic syndromes were excluded. Patients received immunosuppressive therapy vs bone marrow transplantation based on availability of HLA-matched donors. The main outcome measures were survival, complete marrow and hematological remission, or partial remission but achieving independence from transfusional support. Twenty patients received multi-agent immunosuppressive therapy (cyclosporine, antithymocyte globulin and methylprednisolone); 11 attained complete remission and three partial remission for a transfusion-independent survival of 70%. Six patients died of infectious and hemorrhagic complications. Twentysix patients were transplanted and 24 (93%) achieved complete remission; one achieved a PR, 25 remain transfusion independent with a median follow-up of 5.9 years or 70 months. One patient developed AML 34 months after successful transplant and one patient died due to graft failure and complications of transplant. There has been a striking improvement in survival for pediatric patients treated with multi-agent immunosuppression in the last decade. However, transplantation results have also improved and this remains the definitive first-line therapy for severe acquired aplastic anemia in this age group. Bone Marrow Transplantation (2000) 26, 1149-1156.
Aplastic anemia is defined as peripheral blood pancytopenia, bone marrow hypocellularity with fatty replacement, and the absence of an underlying hematopoietic malignancy or a myelodysplastic disorder. When there is no evidence of a defined syndrome or familial tendency, the aplastic anemia is considered to be acquired. The designation, 'severe aplastic anemia' applies when there is moderate (25-50%) or marked (Ͻ25%) reduction in marrow cellularity demonstrated on biopsy in combination with two of the following findings in the peripheral blood: absolute neutrophil count Ͻ0.5 ϫ 10 9 /l; platelet count Ͻ20.0 ϫ 10 9 /l; reticulocyte count Ͻ1% or Ͻ20 ϫ 10 9 /l after correction for hematocrit. 1 Prior to 1970, severe aplastic anemia was managed by supportive care only and the 2-year survival was 20% or less. 2 In 1972, Thomas et al 3 reported a therapeutic breakthrough by demonstrating the curative potential of bone marrow transplantation using marrow cells from healthy sibling donors. As experience with transplantation broadened, 4 it became clear that the procedure could be recommended as frontline therapy for severe aplastic anemia, especially in children, if a matched donor was available.
Immunosuppressive therapy for aplastic anemia developed concurrently in the same era following the seminal report of Mathé et al 5 on the ameliorating effects of antilymphocyte globulin. Subsequent experience showed improved survival rates with antilymphocyte globulin used as a single agent 6 or combined with other immunosuppressives. 2, 7, 8 This advance provided options for treatment of severe aplastic anemia, especially in patients lacking a matched donor for transplantation.
By 1990, several retrospective analyses suggested a survival advantage of marrow transplantation over immunosuppressive therapy in pediatric cases of severe aplastic anemia. [9] [10] [11] Very recently, with the advent of cyclosporinebased immunosuppression protocols and improved supportive measures, equivalent survival rates have been reported. 12, 13 These studies have formed the basis for the recent suggestion that immunosuppressive therapy should be used as initial treatment for all children with severe aplastic anemia regardless of donor availability for transplantation.
We have previously published the outcome of a similar series of patients with severe aplastic anemia treated between 1977 and 1987, which clearly demonstrates the advantage of bone marrow transplantation over immunosuppressive therapy. To determine whether the improvement in immunosuppressive regimens used in the past dec-ade has changed outcomes substantially, we critically reviewed the outcome, and survival of all childhood cases of severe aplastic anemia in our institution with respect to treatment given from 1987 to 1997. The power of our study stems from the large number of patients diagnosed and treated over the 10-year period in one center using similar protocols by the same group of experienced pediatric hematologists. Furthermore, we had good historical comparisons from the same institution as we compared our results over the past decade with our previously published results.
Patients and methods

Patient eligibility
Forty-six consecutive patients less than 18 years of age who presented with a diagnosis of severe aplastic anemia between January 1987 and April 1997 were included in the analysis. Patients with constitutional aplastic anemia and myelodysplastic syndromes were excluded. Information obtained from their medical records included age, sex, family history, drug and environmental history, initial signs and symptoms, initial complete blood counts, bone marrow aspiration and biopsy results, type of treatment including type and dates of transfusions, medications and dosages, the marrow transplantation conditioning regimen, and complications, outcomes, and survivals.
Definition
Severe aplastic anemia was defined as moderate (25-50%) or marked (Ͻ25%) reduction in marrow cellularity demonstrated on biopsy in combination with two of the following findings in the peripheral blood: absolute neutrophil count Ͻ0.5 ϫ 10 9 /l; platelet count Ͻ20.0 ϫ 10 9 /l; reticulocyte count Ͻ1% or Ͻ20 ϫ 10 9 /l after correction for hematocrit. 1 
Treatment regimens
Throughout the 10-year study period transplantation was offered as first-line treatment when a fully histocompatible related donor was available. When no suitable donor was available, immunosuppressive therapy was used while a search for a matched unrelated donor was initiated. If transfusion independence was not achieved after 6 months, despite repeat therapy, a matched unrelated bone marrow transplant was performed if a donor was identified.
Immunosuppressive therapy
Twenty patients were treated with immunosuppressive agents. Nineteen were treated with antithymocyte globulin (ATGAM, Pharmacia and Upjohn, Don Mills, ON, Canada), cyclosporine (Sandimmune, Novartis Pharmaceuticals Canada, Dorval, PQ, Canada) and some form of corticosteroid. One patient did not receive cyclosporine. In addition to this treatment, one patient received GM-CSF, two patients received G-CSF, one received IL-3, and two received intravenous gammaglobulin. The total dose of ATGAM ranged from 140 to 160 mg/kg; high-dose methylprednisolone was used concomitantly at doses ranging from 1 to 30 mg/kg for 4-14 days and was then tapered; and cyclosporine was used to maintain a serum trough level of 150-200 g/l until a complete or partial response was achieved and was then tapered and discontinued after at least 3 months of therapy.
Bone marrow transplantation
Twenty-six patients underwent bone marrow transplantation. Twenty-one underwent a matched related bone marrow transplant (BMT-MRD), and five underwent a matched unrelated bone marrow transplant (BMT-MUD). The conditioning regimen in the BMT-MRD group included cyclophosphamide and total body irradiation (TBI) in 12 patients, cyclophosphamide and ATGAM in three patients, cyclophosphamide, rabbit antithymocyte serum (RATS), procarbazine in two patients, cyclophosphamide, ATGAM, procarbazine in two patients, busulfan, cyclophosphamide in one patient and cyclophosphamide alone in five patients.
In the one patient who relapsed and required a second transplant, the conditioning regimen initially consisted of only cyclophosphamide but included both cyclophosphamide and TBI for the second transplant. To prevent the occurrence of graft-versus-host disease (GVHD), the prophylaxis regimen consisted of methotrexate and cyclosporine in 17 patients, cyclosporine and prednisone in three patients and cyclosporine alone in six patients. Twenty-one patients had a fully histocompatible related donor. Five, with no matched related donors, who had failed immunosuppressive therapy, were transplanted using marrow from matched unrelated donors. Conditioning in this group consisted of cyclophosphamide and TBI.
Response criteria
Complete response was defined as hemoglobin normal for age, a neutrophil count Ͼ1.5 ϫ 10 9 /l and a platelet count of Ͼ100 ϫ 10 9 g/l. Partial response was defined as transfusion independence with a hemoglobin Ͼ80 g/l, neutrophil count Ͼ0.5 ϫ 10 9 /l and a platelet count of greater than 20 ϫ 10 9 /l. 14 
Statistical analysis
The method of Kaplan and Meier 15 was used to estimate survival distributions. Associated standard errors were calculated as suggested by Peto et al. 16 Differences in survival between the transplant and IST groups were assessed by the exact log rank test. 17 Cumulative incidence functions of time to complete response were estimated as described in Kalbfleisch and Prentice. 18 Partial response and death were considered competing risks. Differences in the cumulative incidence functions among the treatment groups were compared using Gray's test. 19 The prognostic implications of age at diagnosis (Ͻ9 vs у9), gender, months from diagnosis to treatment (Ͻ1 vs у1), ANC at diagnosis (Ͻ0.2 ϫ 10 9 /l vs у0.2 ϫ 10 9 /l), and platelet count at diagnosis (Ͻ8 ϫ 10 Table 1 Patient characteristics at the time of diagnosis of SAA Results Table 1 summarizes the demographics and clinical characteristics of all patients. Forty-six patients with a median age of 9.2 years were treated. The median age was similar between the two main treatment groups (IST: 9.8 years; BMT-MRD: 8.8 years). There was almost a two to one male preponderance (M:F = 30:16). Causes of the aplasia were idiopathic in 39 and hepatitis in seven.
Results of bone marrow transplantation
Twenty-one patients received an allogeneic bone marrow transplant from a fully histocompatible related donor. One patient had previously failed IST at another institution. The time from initiation of IST to BMT-MRD, in this patient, was 4 months. Twenty (95%) achieved a complete remission (Table 2) . One patient, included among the 20, initially achieved a complete remission, experienced graft failure 8 months post transplant and went on to a second (Table 2) . Five patients were referred to the institution to undergo matched unrelated donor transplant. Their previous immunosuppressive therapy regimens were not available. The median time from initiation of IST to MUD-BMT was 4.5 months (range: 2.8-5 months). Within this group, four achieved a complete remission and one a partial remission ( Table 2) .
The time to response was calculated in the three groups, and the cumulative incidence of time to CR is shown in Figure 1 . There is a significant difference in the cumulative incidence of time to CR (P = 0.0003). At 2 months, the cumulative incidence of CR is 20 Ϯ 9% for the IST group, 71 Ϯ 10% for the BMT group, and 60 Ϯ 26% for the BMT-MUD group.
Complications of bone marrow transplantation in the BMT-MRD group included grade I acute GVHD in five, grade II in two, and grade III in one patient. Chronic GVHD was documented in four patients. One patient developed mild chronic GVHD of the skin. One patient developed mild chronic diarrhea. One patient developed moderate chronic GVHD with moderate skin involvement and restrictive lung disease, and mild chronic diarrhea. One patient developed moderate to extensive GVHD with severe skin involvement, chronic diarrhea and hepatitis (Table 3) .
Complications of bone marrow transplantation in the BMT-MUD group include grade 1 acute GVHD in two, grade 2 in one, and grade 3 in one patient. Chronic GVHD occurred in four of the five patients with BMT-MUD. Two patients developed mild chronic GVHD: one with mild chronic diarrhea and lichenoid changes of the skin, another with mild scleroderma. Two others developed moderate chronic GVHD manifesting as bronchiolitis obliterans and hepatitis in one, and moderate skin changes accompanied with mild ocular changes and diarrhea (Table 3) .
Results of immunosuppressive therapy
Among the 20 patients treated with IST, 11 (55%) have remained in complete remission and three (15%) have remained in partial remission (Table 2 ) with a median follow-up of 3 years (0.2-6.7 years). Thus, in total, 14 (70%) have remained transfusion-independent. The six other patients died of infectious and hemorrhagic complications (Table 4) . Complications included serum sickness secondary to ATGAM in three (15%) patients and hypertension in four (20%). Median time of death after initiation of IST was 2.8 months (range: 0.8-34 months). Other than hypertension, no patient had major complications associated with the use of high-dose methylpredniosolone.
Kaplan-Meier survival curves
The Kaplan-Meier plot of overall survival by treatment is shown in Figure 2 . There is no difference between the BMT-MRD group and the BMT MUD group. However, there is a significant difference between the IST group and Bone Marrow Transplantation the combined BMT groups (P = 0.0039). At 3 years, the estimated survival for the IST group is 65 Ϯ 13% compared with 95 Ϯ 5% for the BMT-MRD group and 100% for the BMT-MUD group.
Factors predicting survival within the IST group
We examined factors that may predict survival in those patients treated with IST. Because the number of deaths is small within the group, and the group sizes are small, this analysis should be interpreted with caution. Factors examined were age at diagnosis, months from diagnosis to treatment, ANC at diagnosis, and platelet count at diagnosis.
Only ANC at the time of diagnosis had significant predictive ability (P = 0.0058). At 1 year after diagnosis, the estimated survival of those patients with ANC Ͻ0.2 ϫ 10 9 /l at diagnosis is 25 Ϯ 15% compared with 93 Ϯ 6% for those with ANC Ͼ0.2 ϫ 10 9 /l.
Discussion
Traditionally, bone marrow transplantation from a fully matched sibling donor has been considered the best available therapy for children with severe aplastic anemia. In several trials, matched sibling donor transplantation for severe aplastic anemia has led to overall survivals varying from 60 to 100%. 10, [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] In a recent report by Bacigalupo et al, 34 both forms of therapy among 3669 patients treated in Europe between 1976 and 1998 were reviewed. The authors reported that significant progress has been made and the overall risk of failure is low with survival rates of more than 80% for both treatments. Our results are in keeping with these published data regarding improved outcome of transplantation with 95% survival rates in the last decade compared to 79% between 1977 and 1987. This improvement in outcome is due to more effective supportive care for patients and improvement of prophylactic regimens used to minimize graft rejection. The European Bone Marrow Transplantation (EBMT) Registry data reported graft rejection rates of 32% prior to 1980 and 7.6% after 1984. 35 Factors responsible for decreasing the incidence of graft rejection include minimizing pretransplant transfusions, [35] [36] [37] [38] use of marrow doses Ͼ3 ϫ 10 8 marrow cells/kg, 39 and the use of cyclosporine for acute GVHD prophylaxis. 33, 35, 36 Finally, the use of conditioning regimens that include cyclophosphamide, ATGAM and cyclosporine with or without methotrexate have decreased the incidence of graft failure to 0-5%. 31, 32, 39 Bacigalupo et al 34 also looked at factors that are likely to be predictive of better outcome in patients treated with IST. Three subgroups of patients were analyzed according to neutrophil count: 0-0.2 ϫ 10 9 /l, 0.21-0.5 ϫ 10 9 /l, and greater than 0.5 ϫ 10 9 /l. The actuarial 5-year survival rates for patients treated after 1990 and stratified in these three risk groups were 70%, 78% and 77%, respectively. Furthermore, they reported that a combination of young age and low neutrophil count favor BMT. For example, a 10 year old with a neutrophil count of 0.2 ϫ 10 9 /l would, according to them, have a 14% 5-year failure-free survival difference in favour of BMT. Our data are in keeping with these findings as ANC at diagnosis was the only factor in our study that was predictive of outcome in the IST patients Table 4 Causes of death /l at diagnosis is 25 Ϯ 15% compared with 93 Ϯ 6% for those with ANC Ͼ0.2 ϫ 10 9 /l. One of the negative aspects of successful bone marrow transplantation, however, is the occurrence of second malignancies. The malignant tumors most often encountered include solid tumors, epidermoid carcinomas, and leukemias. The combined Seattle and Paris long-term followup study reported second malignancy incidence rates of 14% at 10 years. 40 This incidence was higher than the overall rate of 3.1% reported by the EBMT-SAA. 41 In both these studies, significant risk factors for the development of a second malignancy included male sex, age at diagnosis and use of irradiation in the conditioning regimen. Among our patients, the only documented second malignancy posttransplantation, was in a 13-year-old male who had not received any radiation as part of his conditioning regimen and developed AML 34 months after transplant.
Causes of death BMT IST
Immunosuppressive therapy in children with severe aplastic anemia has traditionally been reserved for those without a suitable sibling donor. Survivals for patients have ranged from 30 to 70% 42, 43 and the results have improved significantly in the past decade as seen in our previously published experience in the 1970s and 1980s. These improvements are due to the advent of ATGAM, cyclosporine and regimens that optimize combination immunosuppressive therapy as well as the improvements in transfusion support, antimicrobial therapy and general supportive care. In a randomized controlled trial of antithymocyte globulin vs cyclosporine, Gluckman et al 44 showed overall survival of 66% at 2 years for both therapies. The German prospective randomized trial reported on a comparison of ATG and methylpredniosolone vs ATG, methylprednisolone and cyclosporine with significantly higher response rates at 3 months for the group receiving cyclosporine (65% vs 34%) and similar survival rates (61% vs 54%). 45 The modification of immunosuppressive therapy has led to significant improvement in survival with overall 5-year actuarial survival in all categories of patients reported as 43% for those treated before 1984 and 66% for those treated after 1984 (P = 0.0001). Our study confirms this finding with 65% survival (median follow-up of 30 months for all 20 patients; 36 months for the 14 IST patients alive at last follow-up) for those treated between 1987 and 1997 vs 33% (median follow-up of 24 months) for those treated between 1977 and 1987.
Graft failure, chronic GVHD, chronic organ dysfunction due to conditioning regimens and secondary malignancies can complicate marrow transplantation, but recurrent aplasia and the evolution of clonal diseases can complicate immunosuppressive therapy. In the EBMT-SAA registry, 46 74 of 358 patients (35.2%) relapsed at a mean of 778 days after initial therapy. The 10-year cumulative rate of cancer was 18.8% after immunosuppression and 3.1% after transplantation. Of 42 malignant conditions after immunosuppressive therapy, 19 were myelodysplastic, 15 acute leukemia, one non-Hodgkin's lymphoma, and seven solid tumors.
Although bone marrow transplantation has been considered first-line treatment in young patients with severe aplastic anemia who had an HLA-identical sibling donor, this approach has been called into question by recent retrospective studies suggesting that intensive immunosuppressive therapy may produce equivalent rates of transfusion independence and survival. 12, 13 There are few direct comparisons of these two approaches. The published studies, like ours, are retrospective with data collected from single institutions or large data registries. Furthermore, most studies have small numbers and usually span a long period of time during which significant changes occurred in immunosuppressive regimens, transplantation protocols, and supportive care, making the results difficult to interpret.
For example, during the late 1970s and 1980s, cyclosporine was not a routine part of immunosuppressive regimens; hence the results may not reflect those currently obtained with intensive immunosuppressive protocols. Bayever et al 9 compared the 2-year survival of 35 patients less than 25 years of age treated with transplantation to 22 patients treated with antithymocyte globulin therapy and reported a survival of 72% for the transplant group vs 45% for ATG therapy (P = 0.18). Between 1970 and 1986, the EBMT results comparing transplantation to immunosuppressive therapy with various antithymocyte globulin protocols without cyclosporine reported survival of 66% in the transplant group vs 56% in the other group. 46 Doney et al 48 compared outcomes of transplantation to antithymocyte globulin, corticosteroids and androgens between 1978 and 1991 and reported that marrow transplantation was the preferred treatment for younger patients with acquired aplastic anemia with matched related donors. In patients less than 6 years of age, the survival rate at 15 years was 100% for those treated with bone marrow transplantation and 51% for the 25 patients treated with immunosuppressive therapy (P = 0.0006). For patients between 6 and 19 years of age, survival was again significantly better with BMT (P = 0.001).
Lawlor et al 12 reported equivalent survival rates and rates of transfusion independence in 27 patients consecutively treated in a single institution between 1982 and 1994. At a median follow-up of 33.5 months for the immunosuppression group (n = 18) and 54 months for the transplant group (n = 9), actuarial survival was 75% and 92% for transplantation and immunosuppression groups, respectively (P = 0.15). The immunosuppression regimen in this small group consisted of ATG and steroids. Fifteen patients also received cyclosporine. Gillio et al 13 reviewed 48 patients consecutively treated between 1983 and 1992 at the Memorial Sloan-Kettering Cancer Center and reported equivalent survival rates of 75.6% and 73.8%, respectively, at 120 months. It was postulated that the improvement in survival of the immunosuppression group was secondary to the addition of cyclosporine and the improvement in supportive care.
In this study, we compared survival of patients with severe aplastic anemia treated with transplantation vs immunosuppression over the past decade but also took into consideration the modifications in treatment for both modalities by comparing outcomes with our published data from the same institution from a decade earlier. 11 We clearly showed an improvement in outcome in both modalities in the recent 10-year timeframe.
However, our findings differ from those of Lawlor et al 12 and Gillio et al 13 regarding the equivalence in survival and transfusion independence of both treatment approaches. In the 20 patients treated with immunosuppression between 1987 and 1997, 14 (70%) are transfusion independent and, at 3 years, the estimated survival for the IST group is 65 Ϯ 13% (median follow-up 3 years; range: 0.2-6.7 years) compared with 95 Ϯ 5% for the BMT-MRD group (median follow-up 5.9 years; range: 1.4-9 years) and 100% for the BMT-MUD group (median follow-up 4.3 years; range: 3.3-6.7 years). Unfortunately, data regarding quality of life issues were not consistently available in our cohort to make a meaningful comparison possible.
In conclusion, our results demonstrate that survival of pediatric patients with severe aplastic anemia has improved significantly over the past decade regardless of whether they receive transplantation or immunosuppression. However, unlike the recent reports of equivalent survival by Lawlor et al, 12 and Gillio et al, 13 our data demonstrate a significant survival advantage for bone marrow transplantation. Because of the inherent limitations of most of these retrospective studies, inadequate long-term follow-up data to analyze rates of relapse, second malignancy and clonal disease, and the excellent recent marrow transplantation results in our study as well as others, we would recommend the use of bone marrow transplantation as first-line therapy for children with severe aplastic anemia who have an HLAmatched sibling donor. However, it is clear that a randomized controlled trial comparing the two approaches is needed to provide a definitive answer regarding the relative merits of these two treatment modalities, as well as to document the long-term quality of life issues, which may affect the choice of therapy.
